Objective: To evaluate, by a literature review, the Timed "Up & Go" (TUG) test use and its main methodological aspects in children and adolescents.
Introduction
The Timed "Up & Go" (TUG) test was developed by Podsiadlo and Richardson in 1991 (1) , based on the version named Get-up and Go test, proposed by Mathias et al in 1986 (2) . The "Get-up and Go" test originally aimed to clinically evaluate dynamic balance in elderly people during the performance of a task, involving critical situations for falls. Podsiadlo and Richardson proposed using time in seconds to score the test, naming it Timed "Up & Go", because there was a time limitation on the score of the original scale (1) . The TUG test measures, in seconds, the time required for an individual to stand up from a standard chair with armrest (height of approximately 46cm), walk 3m, turn around, walk back to the chair, and sit down again (1) . The test has been widely used in clinical practice as an outcome measure to evaluate functional mobility, fall risk or dynamic balance in adults, and its normative values have already been established in this population (3, 4) . Several studies used the test to assess fall risk in the elderly (5) (6) (7) (8) ; other studies assessed balance and functional mobility in adults with motor limitations, such as cerebral palsy (CP) (9) , Parkinson disease (1, 10) , stroke (1, (11) (12) (13) , Down syndrome (DS) (14) , among others. Because of its practicality, the TUG test began to be used in children and adolescents with some type of motor limitation and/or balance deficit (15) (16) (17) . In order for ambulatory children or adolescents to have functional independence, balance is required during movements performed in sitting and bipedal postures. The activities that constitute the test assess the functional mobility and the balance required to move from the sitting to the standing position, walk, turn around, and sit down again.
Thus, considering the practicality of the TUG test to assess functional mobility, its increasing use in Pediatrics, and the lack of theoretical studies critically reviewing the use of the test, this study evaluated, through a literature review, the use of the TUG test and its methodological aspects in children and adolescents.
Method
This study consisted of a bibliographical review. References for electronic research were selected in July 2012, in PubMed, CINAHL, Web of Science, SciELO and Cochrane Library databases. Searches used the following terms in Portuguese and English: "timed 'up and go'", "test", "balance", "child" and "adolescent". In order to obtain more specific results on the topic, searches were limited to title/ abstract and to papers published from 1990 to 2012. All abstracts identified using these terms were reviewed, and those that addressed the proposed topic were fully examined. The reference list of the selected articles was also examined, in order to obtain other relevant articles. The study included only articles that evaluated or used the TUG test in children and adolescents with an observational or experimental design. Exclusion criteria consisted of abstracts from annals of events and articles using the TUG test in adults and elderly people. No review articles or case reports on the topic were found.
After studies were selected, according to the previously described criteria, they were critically read, in order to systematize test implementation and the main methodological aspects involved. To do so, the following categories were defined: general characteristics of the studies, populations, implementation methods, result interpretation, and associations with other measures.
Results and Discussion
Search strategies identified 56 references. According to the established inclusion and exclusion criteria, the reading of titles and abstracts allowed us to exclude 26 articles. Thus, 30 studies were reviewed in full and in more detail, of which three were excluded for not meeting the criteria and 27 were selected for this review.
General characteristics of the studies
Of the 27 studies included in the review, 17 (63%) were cross-sectional (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) and 10 (37%) were clinical trials (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) . Only one article had the primary objective of evaluating the test in children and adolescents (17) . Fifteen studies included the TUG test as one of the outcome measures for their primary objective of assessing functional balance (15, 16, 20, (22) (23) (24) 28, 30) , functional mobility (19, (25) (26) (27) 29, 31) or activity (18) , according to the International Classification of Functioning, Disability and Health (ICF) (42) . Of the remaining articles, nine used the TUG test as a secondary outcome measure for the evaluation of some type of intervention (32) (33) (34) (35) (37) (38) (39) (40) (41) and two used it for the concurrent validation of other tests (21, 29) .
Populations
As for the population assessed in the articles, children from different nationalities were evaluated by the TUG test. Most studies evaluated American children and adolescents (19, 21, (25) (26) (27) (28) (29) 31, 35, 38, 40) ; two of them evaluated Australians (17, 18) ; two of them, the Chinese (15, 32) ; five of them, Israelis (16, (22) (23) (24) 36) ; three of them, Spaniards (34, 39, 41) ; one of them, the English (37) ; one of them, Brazilians (33) ; and two of them, Pakistanis (20, 30) . The main clinical diagnoses identified in the study samples are shown in Table 1 , with CP being the most frequent.
Up to now, only one group of researchers (20, 30) evaluated the TUG test specifically in children and adolescents with typical development (TD), aiming to describe normal parameters. Another study developed reference values for the Functional Mobility Assessment tool, which includes the TUG test in one of its categories (31) . However, several studies included a population with these characteristics, in order to compare this population with that of children with specific conditions (16) (17) (18) (19) (21) (22) (23) (24) 27, 29) . Most studies with CP patients included children and adolescents from three to 19 years old (15, 17, 18, 22, 29, 32, 33, (36) (37) (38) 40) . On the other hand, the only studies with children and adolescents with DS evaluated four five-year old boys, seven girls from eight to 14 years (28) , and two subjects from six to 21 years (21) . Typically-developed subjects evaluated by the TUG test were aged from three to 15 years old (16) (17) (18) (19) (20) (22) (23) (24) 27, 29, 30) , and only three studies had significant samples (17, 20, 30) . CP children evaluated by the test showed the following Gross Motor Function Classification System (GMFCS) levels (43) : I and II (18, 22, 33, 36) ; I, II and III (15, 37, 38, 40) .
Evaluation of the methodology used
As for the equipment used in the TUG test, some studies describe chairs with backrest and without armrest (17, 38) , with backrest and armrest (20, 21, 30, 32) , without backrest nor armrest (15) ; in most studies, this was not described in the methodology section (16, 19, (22) (23) (24) (25) (26) (27) (28) (29) 31, (34) (35) (36) (37) (39) (40) (41) . The height of the seat was described as adjustable in some studies (16, 20, (22) (23) (24) 29, 30, 33, 36) , was selected with the individual with feet flat on the floor and hip and knees flexed to 90°( [15] [16] [17] 20, [22] [23] [24] 29, 30, 33, 36) , or was not reported (19, 21, (25) (26) (27) (28) 31, 32, 34, 35, (37) (38) (39) (40) (41) . A study used a bench and did not describe adjustments for height (18) . The original article by the authors of the TUG test recommended the use of a standard chair with armrest and an approximate height of 46cm (1) . The paper that described in more detail the methodology used to perform the test in the pediatric population was the same that had the primary objective of investigating the TUG test in children and recommended the use of a chair with backrest but without arms and height respecting 90° of knee flexion, measured with a goniometer (17) . Most studies maintained the original route of the test, which was of 3m (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) 29, 30, (32) (33) (34) 36, 38, 39, 41) , with the chair positioned at this distance from different points: a wall (17) , a line on the floor (1, 21, 38) , a mark on the floor (16, (22) (23) (24) 36) , a cone (27) , or a strip placed on the floor (20, 30) . One study considered a distance of 9m for the route (28) , another used 10ft (3.048m) as the unit of measurement (27) , an two used another test with a distance of 10m in addition to the 3-m one, describing them as TUG (17) (34, 39) . Four studies did not report the route used, although providing bibliographical references for the test (31, 35, 37, 40) . The article that adapted the test to the pediatric population maintained the distance of 3m (17) . Some changes were made to the TUG test to evaluate children and adolescents. The study that adapted the test to children proposed to use the concrete task of touching their hands on a target on the wall (17) . Other modifications to the original TUG test were: verbal instructions repeated during the test (17) , demonstration of the test tasks (17, 21, 38) , and an unrecorded practice trial (16, 21, 33) . Qualitative speed instructions were provided in some studies (15, 20, 33) , such as "walk as fast as you can, but keep walking" (15, 20, 30) , or "perform the task as fast as you can" (33) . Other studies provided non-qualitative instructions (17, 32, 38) , e.g., "children instructed to walk at their preferred speed or pace" (32, 38) , or "this is not a race, you must walk only" (17) . Most papers did not report this type of instruction (16, 18, 19, (21) (22) (23) (24) (25) (26) (27) (28) (29) 31, (34) (35) (36) (37) (39) (40) (41) . Time, measured by a chronometer, began to be recorded as children left and stopped as they returned to the chair (17) or were recorded from the "go" cue to when the child sat down in the chair (15, 16, (22) (23) (24) 29, 36) , or this information was not provided (18) (19) (20) (21) (25) (26) (27) (28) (30) (31) (32) (33) (34) (35) (37) (38) (39) (40) (41) . In the original study of the test in elderly people (1) , timing started at the command "go" and stopped as subjects' back touched the chair again, in order to evaluate participants' cognition. In the adaptation of the test to children (17) , in order to measure movement time only, the chronometer started as children left the chair and stopped as they sat down again. Some studies also reported what children were wearing during the test: comfortable tennis shoes (15, (22) (23) (24) 32, 33, 36) , orthotics (15, (22) (23) (24) 33, 36) , or no shoes (29) ; other studies also reported the possibility of using gait assistive devices (15, 32, 38) , such as crutches (17, 25) and walkers (17) . As for the number of trials in the test, studies performed three trials (15) (16) (17) 21) , two trials (17, 20, (22) (23) (24) 29, 30, 32, 36) , a single trial (38) , or this information was not provided (18, 19, (25) (26) (27) (28) 31, (33) (34) (35) 37, (39) (40) (41) . The value considered as the test result was: the best value (i.e., the lowest) out of three trials (15, 17) , the best value out of two trials (17, 29) , the mean of two trials (20, (22) (23) (24) 30, 32, 36) , the only trial conducted (38) , or this information was not provided (16, 18, 19, 21, (25) (26) (27) (28) 31, (33) (34) (35) 37, (39) (40) (41) . The original article in adults (1) mentioned performing a trial for familiarization and another one with time recording; in turn, the article that adapted the test to Pediatrics (17) recommended to perform three trials, recording the lowest score achieved by children with TD, and two trials, recording the lowest score achieved by children with CP and spina bifida (SB).
Methodological differences in test implementation are common in adult and pediatric populations, which makes it difficult to establish an universal measure. A study in adults evaluated whether changes in test methodology or in the instructions provided could interfere with results and concluded that, in elderly people, both verbal instructions and methodology affect test results. In young adults, instructions affect TUG results, but markers (line on the floor or cone) do not. In addition, it was observed that the variability in the results was smaller when instructions on speed were provided (44) . There are no studies evaluating the influence of these changes on the pediatric population. Thus, it can be suggested that, in order to evaluate the TUG test in children and adolescents, the proposed adaptations to Pediatrics should be used (17) , combined with instructions on speed, such as "walk as fast as you can". Table 1 shows the studies that evaluated children and adolescents and reported mean, standard deviation and/or intraclass correlation coefficients (ICC) for within-session, between-session (test-retest), intra-examiner and inter-examiner reliability. In articles that reported pre-and post-intervention measures, the pre-intervention score was considered. The time it took for children with TD to perform the TUG test had a mean variation of 3.21 (27) to 6.7 seconds (17) . Children showed improvement in balance as age increased, with a decrease in mean score (17, 20, 30) . In one study, there was no significant difference in the scores of male and female children and adolescents (17) ; in another one, there was significant difference in the scores, with boys showing better performance in the TUG test (20, 30) . Of these studies, only one used a multiple linear regression model and evaluated the effect of anthropometric variables on TUG values of individuals from five to 13 years old, with test scores being influenced by age in the general sample (R 2 =0.18) (30) . The remaining studies reported means and standard deviations (17, 20) or median and ranges (31) of TUG values for children and adolescents.
Result interpretation
On the other hand, in children and adolescents with specific clinical diagnosis, the time required to perform the TUG test had a mean variation from 3.6 (41) to 50.3 (15) seconds. Of the two studies that evaluated children and adolescents with DS, one was not included in Table 1 because it used a route of 9m (28) . In addition, its results did not report TUG mean; only ICC was below 0.5 in the female group (n=7; eight to 14 years old) and in the male group (n=4; five years old) (28) . The other study with subjects with DS that appears in Table 1 reported the mean score and the whole sample of individuals were developmentally-disabled (21) .
Associations of the test with other measures
Several studies correlated the TUG test with other assessment tools, including motor function, functional mobility, range of motion (ROM), muscle strength, and quality of life. Generally speaking, these correlations are specific for certain clinical diagnoses and vary according to the tool studied. The main results for the associations between the TUG test and other measures are shown in Table 2 .
On the other hand, only one study with sarcoma survivors used multiple and simple regression analyses to explain the result of the TUG test by other variables (26) . The variance in the test may be explained 5% by hip extension active ROM, 5% by knee extension passive ROM, and 16% by knee flexion active ROM. In addition, the mental and physical components summarized in the quality of life questionnaire -The Short Form 36 Health Survey, version two (SF36v2) -were significant predictors of TUG time in this population, explaining 26 (p=0.01) and 14% (p=0.01) of test variance, respectively (26) .
Final comments
The results of this review demonstrate that there are neither reference equations yet for the TUG test in children and adolescents with TD nor information about the influence of possible predictive variables for the test in the age group from 13 to 18 years old. In children and adolescents with specific clinical diagnoses, the within-session reliability coefficient was found to be high in most studies, as well as intra-and inter-examiner reliability, characterizing the good reproducibility of the test.
Thus, the TUG test was shown to be a good tool to assess functional mobility in the pediatric population and correlated with other tests of balance, functional mobility, gross motor function, quality of life, muscle strength, ROM, functional capacity, and physical activity level. This review may help therapists in the evaluation of functional mobility in children and adolescents by the TUG test. Future studies aiming to determine normative values for healthy children and adolescents are required to improve the evaluation of individuals with specific clinical diagnoses. (17) ; -0.89 (15) -0.89 (15) ; -0.71 (33) -0.79 (15) -0.93 (15) -0.88 (15) -0.77 (15) -0.80 (15) -0.565 (32) -0.273 to -0.445 (18)* 0.681 (29) Acute lymphoblastic leukemia Knee extension MS 0.794 (19) Typical development Standardized Walking Obstacle Course 0.82 to 0.90 (21) Disabled children and adolescents Standardized Walking Obstacle Course 0.79 to 0.88 (21) LE sarcoma
The Short Form 36
Mental Component Summary Scale LE passive ROM -0.35 (26) to -0.74 (25) -0.53 (25) -0.33 to -0.40 (26) Traumatic brain injury
Step length variability
Step time variability
Physical activity time 0.53 (24) ; 0.88 (22) 0.67 (22) -0.45 (23) *Values reported refer to determination coefficient (r 2 )
GMFM: Gross Motor Function Measure; dimension E: walking, running and jumping; dimension D: standing; MS: muscle strength; LE: lower extremity; ROM: range of motion
